ABSTRACT Gelatins were extracted from mechanically separated turkey meat following 2 different approaches. The first method was based on a 2-stage batch extraction at 50 and 60°C, respectively, whereas the second method consisted of recovering gelatin from a collagen biomass obtained during a pH-shifting process. The yield of gelatin produced by the latter method was twice that obtained by the former method (13.51 and 6.36%, respectively). The chemical composition, as well as the rheological and the functional properties, of all extracted gelatins were evaluated. Gelatin recovered from the collagen biomass had higher molecular weight components and significantly greater (P < 0.05) bloom value (353.2 g) compared with thermally extracted gelatins. However, gelatin extracted at 60°C possessed higher (P < 0.05) foaming properties, as well as better emulsifying activity, than gelatin extracted from the 50°C treatment and the collagen biomass. The present study revealed that high-quality gelatins can be prepared from mechanically separated turkey meat through precipitation and thermal solubilization of collagen biomass obtained during a pH-shifting process.
INTRODUCTION
According to the Food and Agriculture Organization of the United Nations, the meat sector is growing rapidly as a result of the rising demand for poultry meat and its derivatives (FAO, 2012) . The latest statistic estimated the global poultry meat production to be around 102 million t (FAOSTAT, 2013) . Along with this large production, significant quantities of byproducts and wastes are generated. In an attempt to recover the meat adhering to the frames and bones and to add value to these by-products, a mechanical deboning process was developed. This process is capable of recovering up to 70% of the meat, usually referred to as mechanically separated poultry meat (MSPM; Froning and McKee, 2001 ). The MSPM is considered to be a low-cost meat product and has been widely incorporated into a variety of meat product formulations, such as sausages, nuggets, and patties (Froning and McKee, 2001) . However, the relatively high-fat bone and connective tissue content in MSPM limits its industrial usage (Liang and Hultin, 2003) .
Several studies were undertaken to investigate the recovery of valuable proteins from MSPM (Hrynets et al., 2010; Hrynets et al., 2011) . Functional proteins from MSPM have been successfully isolated by either the surimi or the pH-shifting processes. Due to high water consumption and the elevated level of organic matter in the waste water associated with the surimi process, the pH-shifting process became a popular method for protein isolation from MSPM. In this technology, sarcoplasmic and myofibrillar proteins are first solubilized at acidic or alkaline conditions then precipitated at their isoelectric point. Protein isolates are the main products of the pH-shifting process. However, significant amounts of fat and insoluble biomass (mainly consisting of collagen) are also produced and discarded. The collagen biomass, which is obtained as a by-product during the pH-shifting operation, may represent a valuable source for gelatin preparation.
Gelatin is a multifunctional ingredient that has long been used in the food industry as a gelling, thickening, and film-forming agent, as well as an emulsifier and stabilizer (Schrieber and Gareis, 2007) . The source of collagen and the manufacturing process significantly affect the physicochemical and functional properties of gelatin . Traditional gelatin production involves the pretreatment of raw material followed by extraction and purification steps (Karim and Bhat, 2009) . Acid or alkali is usually used in the pretreatment steps to remove impurities and cleave the collagen crosslinks, then gelatin is a produced by a partial thermal denaturation of collagen.
The majority of commercial gelatins come from porcine and bovine sources. However, due to some cultural, religious, or safety reasons (Gómez-Guillén et al.., 2007) , mammalian gelatins may not meet the growing demand for halal and kosher products (Arnesen and Gildberg, 2007) . Poultry by-product contains a high proportion of collagen, making it a potential alternative source for gelatin extraction (Nakano et al., 2012) . Recent studies showed that gelatin can be recovered from chicken skins (Sarbon et al., 2013) , chicken and turkey heads (Du et al., 2013) , as well as mechanically deboned chicken and turkey residues (Fonkwe and Singh, 1997; Rafieian et al., 2013) .
The preparation of gelatin from MSPM has not yet been investigated. Therefore, the main objective of this research was to explore the possibility of gelatin preparation from mechanically separated turkey meat (MSTM) using 2 different extraction methods: the conventional manufacturing method and a newly developed process. In the conventional method, MSTM was chemically pretreated to remove noncollagenous proteins, fat, and impurities, followed by an acid-aided swelling step, and then gelatin was obtained in a series of batch extractions. In the newly developed approach, gelatin was produced after the recovery of a collagen biomass from MSTM, through a pH-shifting process, followed by an acid solubilization and a thermal denaturation. The advantage of the latter method would be the recovery of other important functional proteins (for example actin and myosin in the form of protein isolate), along with collagen, making the process more profitable. Physicochemical and functional properties of the extracted gelatins were also studied.
MATERIALS AND METHODS

Materials
For the conventional extraction process, 3 separate batches of frozen MSTM were purchased from Lilydale (Edmonton, AB, Canada) and thawed overnight at 4°C before usage. Collagen biomass, a by-product obtained during the preparation of poultry protein isolate through the pH-shifting technology ( Figure 1 ) and used in the newly developed process, was collected from 3 separate batches of 20 kg of MSTM. The extraction and separation of poultry protein isolate and collagen biomass were performed in the pilot plant at Food Processing Development Centre (Leduc, AB, Canada) according to the acid-aided pH-shifting process as described by Hrynets et al. (2011) . Collagen biomass was stored at −20°C in polyethylene bags until use. All the chemicals and reagents used in this study were of analytical grade.
Gelatin Preparation
Gelatin from MSTM was obtained from 2 different extraction methods.
Conventional Thermal Process. This process was based on chemical elimination of noncollagenous proteins, fat, and impurities, followed by thermal solubilization of collagen (Du et al., 2013) . One kilogram of MSTM was washed with distilled water at a ratio of 1:5 (wt/vol) for 15 min followed by centrifugation at 8,000 × g for 10 min at 4°C using an Avanti J-E High-Performance Centrifuge (Beckman Coulter Inc., Palto Alto, CA). This step resulted in removing soluble impurities, and to dispose of noncollagenous proteins and fat the sample was successively treated with NaCl, NaOH, and butanol. Briefly, the water washed sample was first mixed with 0.5 M NaCl solution at a ratio of 1:5 (wt/ vol) under stirring at 4°C with regular changes every 15 min for a total period of 45 min. The residue obtained after centrifugation at 20,000 × g for 10 min at 4°C was treated with 0.25 M NaOH at a ratio of 1:10 (wt/vol) for 6 h with regular changes every 2 h. After centrifugation, the residue was treated with 2.5% butanol at a ratio of 1:10 (wt/vol) for 24 h with 3 changes.
The clean, defatted collagen material was recovered after centrifugation and was subjected to a swelling step using 0.05 M acetic acid at a ratio of 1:10 (wt/ vol) for 4 h under stirring. The acid-treated sample was washed twice with distilled water for 10 min each time.
Gelatin from MSTM was produced in a series of batch extractions at 50 and 60°C (Du et al., 2013) . This was carried out by mixing the swelled sample with distilled water at a ratio of 1:10 (wt/vol) in a jacketed glass beaker (Chemglass Life Sciences, Vineland, NJ) connected to a Haake S7 heated bath circulator (Thermo Fisher Scientific, Newington, NH). In the first stage, the mixture was kept under continuous stirring for 18 h at 50°C. Soluble gelatin was collected by filtra- tion through a 1-mm pore size sieve (Fisherbrand US Standard Brass Test, Thermo Fisher Scientific Inc.) . Gelatin in the insoluble material was then extracted at 60°C for 6 h in the second stage.
Extracted gelatins were filtered using Whatman No.4 filter papers and deionised using Rexyn I-300 (H-OH) beads (Acros, Geel, Belgium) until the conductivity value was lower than 50 μS/cm (Oakton Acorn CON6, Vernon Hills, IL). Gelatin solution was then evaporated at 50°C by a Heidolph Rotavapor (Hei-VAP Collegiate WB/G3) fitted with a Heidolph HB digital heating bath and Brinkmann auto-purge vacuum system (Heidolph Brinkmann LLC., Schwabach, Germany), and freezedried (Labconco Corporation, Kansas City, MO).
Newly Developed Process. This process was based on recovering collagen biomass from MSTM using the pH-shifting technology as developed by Hrynets et al. (2011;  Figure 1 ), followed by solubilization of collagen and thermal transformation. Collagen biomass was mixed with distilled water at a ratio of 1:5 (wt/vol) and stirred for 15 min followed by centrifugation at 8,000 × g for 10 min at 4°C. This step was repeated 3 more times to remove fat. Collagen was solubilized in 0.5 M acetic acid at a ratio of 1:100 (wt/vol) containing pepsin (MP Biomedicals, LLC, Solon, OH) at a ratio 1:20 (wt/wt) for 18 h at 4°C. Soluble collagen was recovered by centrifugation at 8,000 × g for 10 min at 4°C and precipitated at pH 8 using 1M NaOH. The precipitated collagen was collected by centrifugation and washed 3 times with water (1:5; wt/vol) to remove the salt (sodium acetate). Purified collagen was finally obtained after centrifugation at 20,000 × g for 10 min at 4°C.
Extracted collagen was homogenized with distilled water at a ratio of 1:3 (wt/vol) and gelatin was produced after thermally treating the sample at 60°C for 6 h. The soluble gelatin was recovered by centrifugation at 25°C and then freeze-dried. In total, 3 gelatin groups were obtained: gelatin extracted in the first stage from MSTM (MSTMS1), gelatin extracted in the second stage from MSTM (MSTMS2), and gelatin extracted from collagen biomass (CB)
Characterization of Extracted Gelatins
Proximate Analysis. Moisture, ash and fat contents of the starting materials and extracted gelatins were determined following the method of AOAC (2000) . Protein content was obtained by a TruSpec CN carbon/ nitrogen determinator (Leco Corp., St. Joseph, MI), and the nitrogen conversion factors used in this study were 6.25 for raw materials and 5.4 for extracted gelatins (Eastoe and Eastoe, 1952) . Hydroxyproline (Hyp) content was measured following the method of Edwards and O'Brien (1980) , using 7.14 as a factor for collagen content calculation.
Extraction Yield. The gelatin extraction yield was calculated on a dry basis according to Du et al. (2013) as Color Measurement. The lightness (L*), redness or greenness (a*), and yellowness or blueness (b*) values of 6.67% (wt/vol) gelatin gels were obtained using a Minolta CR-400 colorimeter (Konica Minolta Sensing Americas Inc., Ramsey, NJ).
Electrophoretic Analysis. Sodium dodecyl sulfatepoly acrylamide gel electrophoresis of gelatins was performed according to the method of Khiari et al. (2013) . The gelatin sample was first dissolved in distilled water at 55°C to a final concentration of 5 mg/mL and then mixed with Laemmli sample buffer [65.8 mM Tris-HCl, pH 6.8, 2.1% (wt/vol) SDS, 26.3% (wt/vol) glycerol, 0.01% (wt/vol) bromophenol blue] containing 5% (vol/ vol) β-mercaptoethanol at a ratio of 1:1 (vol/vol). The mixture was heated to 90°C for 5 min to denature the proteins. Ten microliters of each sample and molecular weight markers (Bio-Rad Laboratories Inc., Hercules, CA) were loaded on a precast 4 to 20% ready gel (BioRad Laboratories Inc.). The analysis was performed in a PowerPack Basic electrophoresis apparatus (BioRad Laboratories Inc.) at 120 V. The protein bands of analyzed samples were visualized after staining in Coomassie Brilliant Blue R250 and destaining in a mixture of distilled water, methanol, and acetic acid (70/20/10; vol/vol/vol).
Amino Acid Composition. Gelatin samples were hydrolyzed under a vacuum at 160°C for 1 h in 6 M HCl containing 0.1% phenol and Norleucine was added as an internal standard. The amino acids were labeled with AccQ-Tag Reagent Kit (Waters, Milford, MA), and then determined by HPLC (Agilent 1200 Series) using AccQ-Tag C 18 column (3.9 × 150 mm; Waters) with an absorbance detection at 254 nm. The amino acid composition was analyzed at the Institute for Biomolecular Design (University of Alberta, Edmonton, Canada) and results were presented as residues per 100 residues.
Rheological and Textural Properties of Extracted Gelatins
Determination of Dynamic Viscoelastic Behavior. The dynamic viscoelastic behavior study of gelatin samples was investigated by a Physica MCR 301 rheometer (Anton Paar GmbH, Ashland, VA) according to the method of Du et al. (2013) . Gelatin was dissolved in distilled water to a concentration of 6.67% (wt/vol) at 55°C. The analysis was performed under a temperature sweep in the range of 45 to 5°C with a temperature change rate of 0.5°C/min using a 2.5-cm parallel plate, a gap of 0.5 mm, a strain of 5%, and a frequency of 10 s −1 . During the whole test, an Anton Paar H-PTD200 hood was used to prevent water evaporation from the sample. The elasticity (G ), viscosity (G ), and phase angle were measured and presented as a function of temperature. The gelling and melting temperatures were obtained as the crossover point of the storage (G') and the loss (G'') moduli during the cooling and heating ramps, respectively.
Bloom Strength. The bloom strength of the extracted gelatins was determined according to the British Standard 757:1975 (BSI, 1975 , with a slight modification. Gelatin was dissolved in distilled water at 55°C to a final concentration of 6.67% (wt/vol) and transferred into a bloom jar (59-mm internal diameter and 85-mm height, Schott-Duran, Elmsford, NY). Gelatin solution was kept under 7°C in a cold room for 17 h and the bloom strength was measured by a TA-XT2 Texture Analyzer (Stable Micro System Ltd., Surrey, UK) equipped with a 1.27-cm diameter flat-faced cylindrical Teflon plunger and using a load cell of 5 kN. A constant speed of 0.5 mm/s was set during the measurement and the maximum force (g) was recorded at a penetration depth of 4 mm.
Determination of Gel Microstructure. The microstructure of gelatin gels was observed by cryo-scanning electron microscopy following the method of Du et al. (2013) . Gelatin gels were prepared at a concentration of 6.67% (wt/vol) then cut into small cubes with a thickness of 2 to 3 mm. The gel cubes were first frozen at −207°C by Slush Nitrogen and then fractured, warmed at −40°C, and set in a 10 −5 Torr vacuum for 30 min to sublime the water. Finally the fractured sample was sputtered with gold coating and visualized with a scanning electron microscope (JEOL JSM-6301, Tokyo, Japan) at an acceleration voltage of 5 kV.
Functional Properties of Extracted Gelatins
Determination of Foaming Properties. Foaming properties, including foam expansion (FE) and foam stability (FS), were measured following the method of Shahidi et al. (1995) with some modifications. Gelatin sample was dissolved in 10 mL of distilled water at 55°C to different final concentrations (0.5, 1, 2, and 3%; wt/vol). The gelatin solution was then transferred into a 25-mL glass cylinder and homogenized at room temperature by a Power Gen 1000 S1 homogenizer (Fisher Scientific, Schwerte, Germany) at 13,000 rpm for 1 min. After whipping, the sample was retained for 1 h and the volume at 0, 30, and 60 min was recorded. The FE and FS were calculated as FE (%) = (V T /V 0 ) × 100 and FS (%) = (V t /V 0 ) × 100, where V T = total volume at 0 min after homogenization; V 0 = 10 mL (initial volume); and V t = total volume at 30 or 60 min after homogenization.
Determination of Emulsifying Properties. Emulsifying properties of the extracted gelatins were determined by measuring the emulsion particles size. Gelatin-oil emulsion was prepared according to the method of Pearce and Kinsella (1978) with some modifications. Different gelatin concentrations (0.5, 1, 2, and 3%; wt/ vol) were first prepared with distilled water at 55°C. Eight milliliters of each gelatin solution was then mixed with 2 mL of corn oil (Mazola, ACH Food Companies Inc., Cordova, TN). After homogenization at 20,000 rpm for 1 min, the emulsion was diluted 100-fold with 0.1% (wt/vol) SDS solution and the particle size of the oil-gelatin emulsion system was analyzed using a laser light-scattering analyzer (Mastersizer 2000S, Malvern Instruments, Malvern, UK). The volume mean diameter (D [4, 3] ) value, which stands for the mean droplet size, was calculated as
where n i = the number of particles with diameter d i .
The emulsion activity was determined immediately after preparation, whereas the emulsion stability was estimated by the change of D [4, 3] value (ΔD [4, 3] ) after storage for 1 wk at 4°C.
Statistical Analysis
The entire experiment was replicated 3 times and each assay was replicated at least twice. Data was presented as mean ± SD. One-and two-way ANOVA were used for mean comparison at the 0.05 significance level by performing a studentized range test (Tukey HSD Test). All statistical analyses were done using SPSS statistical software (version 20.0, SPSS Inc., Chicago, IL). 
RESULTS AND DISCUSSION
Characterization of Raw Materials
The chemical compositions of MSTM and collagen biomass are shown in Table 1 . Moisture and fat were the major components of the 2 raw materials, followed by protein and ash. The MSTM had significantly higher protein (16.08%), fat (21.38%), and ash (3.69%) contents than collagen biomass (3.35, 6.06, and 0.20%, respectively). However, significantly higher moisture content (90.11%) was observed for the collagen biomass compared with the MSTM (59.29%). The higher moisture in collagen biomass may have been due to the greater water absorption during the pH-shifting process.
On a dry weight basis, collagen biomass had significantly higher Hyp content (5.73%) compared with MSTM (1.54%). The collagen content in the collagen biomass (41%) was ~4 times higher than that from MSTM (11%), which could be due to the accumulation of collagen during the pH-shifting process.
Characterization of Extracted Gelatins
Gelatin Extraction Yield. The temperature and the process duration play a major role in converting collagen to gelatin. It was reported that increasing the temperature improves the extraction yield (Rafieian et al., 2013) . However, the application of severe temperatures and long processing times result in lowering both the visual and the functional properties of gelatin (Schrieber and Gareis, 2007) . As collagen in the newly developed process has been already solubilized and precipitated, it was only heated to 60°C for 6 h to efficiently maximize its conversion into gelatin, without negatively affecting its properties.
Gelatin extraction yields (on a dry basis) from both MSTM and collagen biomass were expressed as the weight of extracted gelatin (g) in respect to the total mass of collagen in the raw materials (g; Table 2 ). The amount of gelatin extracted from the collagen biomass (13.51%) was significantly higher than that obtained from MSTM (6.36%, in stages 1 and 2). This might not only be due to the higher Hyp content in collagen biomass (Table 1 ), but also due to the usage of pepsin during the collagen solubilisation process. Pepsin is known to cleave crosslinks at the telopeptide region in collagen fibers, resulting in a higher extraction yield (Nalinanon et al., 2008) .
However, it is also important to mention that the extraction yield of the newly developed process would be 5.41 ± 0.60% if calculated based on the collagen content found in the initial MSTM. This yield was not significantly different from the total extraction yield (MSTMS1 + MSTMS2) obtained through the traditional process. Despite of the same yield obtained from these 2 different methods, the newly developed method was more efficient than the conventional method because of the reduced processing time (67 and 28 h, respectively). Chemical Composition. The proximate analysis of the extracted gelatins is presented in Table 2 . In the current study, all extracted gelatins were high in protein (85.22 -88.45%) and low in ash (0.07-1.87%) and fat (0.44-1.84%).
The moisture content of all gelatins varied from 10.14 to 11.57%. This moisture range is considered to be microbiologically safe, as higher water content may lead to microbial growth (Schrieber and Gareis, 2007) . According to GME (2000), gelatin should be fat-free and the recommended level of ash should be less than 2%. The higher (P < 0.05) ash content in CB (1.87%) compared with MSTMS1 and MSTMS2 may be due to the usage of NaOH during the precipitation of collagen, which resulted in salt formation. It seems that the newly developed process is more efficient than the traditional method in removing fat, as proven by the lower amount of fat in CB (0.44%). With regard to the protein content, MSTMS2 contained significantly more protein (88.45%) than MSTMS1 (85.22%) and CB (86.07%). The higher protein content of MSTMS2 compared with MSTMS1 was in agreement with the result reported by Rammaya et al. (2012) , who observed an increase in protein content at higher extraction temperature for gelatin extracted from mechanically deboned chicken meat residue. Color of Gelatin. The colors of the extracted gelatin gels were evaluated by the L*, a*, and b* parameters (Table 3 ). The CB showed lower (P < 0.05) L* and b* but higher a* compared with MSTMS1 and MSTMS2. The low L* value (36.42) and the high a* value (−1.79) for CB, which reflected a darker gelatin color, could be due to the result of a Maillard reaction between the amino acids in gelatin and residual sugars. In fact, in the newly developed method, high pH and temperature were used to precipitate collagen and convert it to gelatin, respectively. These conditions (elevated pH values and temperature) are known to accelerate the Maillard reaction (Rich and Foegeding, 2000) , resulting in a lower L* value.
Gelatin gels, obtained from MSTM, had similar lightness values (80.91 and 79.98 for MSTMS1 and MSTMS2, respectively). However, significantly lower a* (−2.16) and higher b* (7.22) were observed with MSTMS2. This result was in agreement with that reported by Nagarajan et al. (2012) , who observed that the increase in color parameters is correlated with the increase in temperature, as higher temperatures would raise the number of free amino groups capable of inducing the nonenzymatic browning reaction.
Protein Patterns of Gelatins. The molecular weight distribution of gelatins produced from the 2 processes was estimated by SDS-PAGE and is shown in Figure 2 . The CB comprised 3 major bands: 2 α-chains (α 1 upper and α 2 lower) and one β-chain (Figure 2, Lane 1) . The α and β chains were also observed in MSTMS1, along with some low-molecular weight bands (Figure 2 , Lane 2). However, MSTMS2 had different protein patterns than both MSTMS1 and CB. All 3 bands were totally hydrolyzed into lower molecular weight components (Figure 2, Lane 3) , probably due to the effect of higher temperature and the long extraction time. The presence of high-molecular weight protein bands in CB is an indication that the newly developed process resulted in less degradation of collagen molecules compared with the traditional method. Although CB and MSTMS2 were extracted at the same temperature (i.e., 60°C), the greater protein degradation observed in MSTMS2 may be associated with the longer treatment time rather than the temperature.
Amino Acid Composition of Gelatins. The amino acid composition of gelatins, presented as number of amino acid residues per 100 residues, is shown in Table  4 . Glycine, Pro, Ala, and Hyp were the most abundant amino acids in all gelatins. The 3 amino acids, Gly, Pro, and Hyp, accounted for more than 53% of the total amino acid content. All gelatins, regardless of the extraction process, had very low amounts of His and Tyr, whereas Trp and Cys were not detected. The absence of Trp and Cys may suggest that all extracted gelatins were from type I collagen.
The imino acids (Hyp and Pro) are believed to play a major role in stabilization of the collagen triple helix structure (Fernandez-Diaz et al., 2001 ). In the current study, no significant differences among the imino acid contents were observed for all the extracted gelatins. However, MSTMS2 had significantly higher amounts of hydrophobic amino acids (Ala, Val, Met, Ile, Leu, Phe) compared with both MSTMS1 and CB. According to Khiari et al. (2013) , differences among the hydrophobic amino acid contents may affect the functional properties of gelatins.
Rheological and Textural Properties of Extracted Gelatins
Dynamic Viscoelastic Behavior of Gelatins. The dynamic viscoelastic behavior of gelatins was investigated under a temperature sweep test in the range of 5 to 45°C (Figure 3 ). During the cooling step, both the elastic (G ) and the viscous (G ) moduli of all gelatins ( Figure 3A and C) increased rapidly from 25 to 5°C. The sharp decrease of the phase angle at 25°C ( Figure  3E ) indicated the transition of gelatins from solution to gel. During the heating step, the elastic (G ) and viscous (G ) moduli gradually decreased from around 8°C and a marked decrease of both elasticity and viscosity was observed between 15 and 33°C, which represented the gelatin-melting zone. The gelling temperatures of these gelatins varied between 27.0 to 27.9°C, whereas the melting temperatures ranged from 31.4 to 34.5°C.
The CB showed better viscoelastic properties in terms of higher gelling and melting temperatures, as well as elastic and viscous moduli, compared with gelatin extracted from MSTM. This might be associated with the molecular weight distribution of gelatins. Gelatin obtained from the new process had a large amount of higher molecular weight chains (α and β chains), whereas those obtained from the traditional process were more prone to thermal degradation. The presence of high-molecular weight components in CB might have resulted in partial renaturation of the collagen triple helices and therefore enhanced its viscoelastic properties (Gómez-Guillen et al., 2002) .
Bloom Strength of Gelatins. Bloom strength is the most important quality associated with the price and industrial application of gelatins. Significant differences were observed among the gel strengths of the different extracted gelatins (Table 3 ). The CB exhibited the highest (P < 0.05) bloom strength (353.2 g) followed by MSTMS1 (338.4 g) and MSTMS2 (309.2 g). The molecular weight distribution and the amino acid composition of gelatins are the main factors affecting the bloom strength. High-molecular weight gelatins can ef- fectively form strong gels compared with low-molecular weight ones (Nagarajan et al., 2012) . As all gelatins had similar imino acid contents (Table 4) , the differences among the gel strengths may be due to the molecular weight distribution (Figure 2) . As discussed previously, CB contained large amounts of high-molecular weight components compared with MSTMS1 and MSTMS2, which might have imparted greater bloom strength. Conversely, the partially thermally degraded MSTMS2 had significant amounts of low-molecular weight fractions compared with MSTMS1 and, as a consequence, exhibited lower gel strength.
The bloom strength of all gelatin gels, regardless of the extraction process, varied from 309.2 to 353.2 g, which corresponded to high-bloom gelatin range and was comparable to the strength of porcine and bovine gelatins (Schrieber and Gareis, 2007) .
Gel Microstructure. The internal microstructure of the cryo-fractured gelatin gels was determined using a scanning electron microscope. The gelatin gel micrographs, obtained at 500× magnifications, are shown in Figure 4 . Gelatins extracted from MSTM through the conventional process (MSTMS1 and MSTMS2) had similar internal microscopic structures characterized by well-organized protein networks with evenly distributed pores ( Figure 4A and B, respectively). However, gelatin extracted from collagen biomass had highly porous microstructure ( Figure 4C ). Compared with MSTMS1 and MSTMS2, CB gels contained greater number of small-size pores, which is an indication of a rigid gel (Wangtueai and Noomhorm, 2009) . Both the bloom strength analysis and the scanning electron microscopy were in accordance with this finding.
Functional Properties of Gelatin
Foaming Properties of Gelatin. The FE and FS of extracted gelatin are shown in Table 5 . The interactive effect of gelatin groups and different levels of gelatin concentrations on the foaming properties of gelatins was significant. It was observed that, regardless of the extraction method, both FE and FS significantly increased with the increment of gelatin concentration (from 0.5 to 3%). Conversely, the concentration effect was less pronounced on the gelatins obtained from CB. In general, higher protein concentration leads to higher amounts of proteins migrating to the surface of air bubbles. As a consequence, a rapid foam formation with a denser stable film at the air-water interface is observed (Zayas, 1997). At the same gelatin concentration, MSTMS2 showed greater (P < 0.05) FE compared with MSTMS1 and CB. This may due to the presence of low-molecular weight chains (Figure 2 , Lane 3) and larger numbers of hydrophobic groups (Table 4) , which might have resulted in an efficient protein adsorption at the air-water interface . The FS can be influenced by various factors, such as the surface tension, viscosity, and electrical repulsion (Ahmad and Benjakul, 2011) . The MSTMS2 exhibited the highest (P < 0.05) FS (especially after 60 min) at all gelatin concentrations, which was probably due to its higher (P < 0.05) amount of hydrophobic amino acid residues (Ala, Val, Ile, Leu, Met, Phe) compared with the other 2 gelatins (Table 4 ). The positive effect of proteins hydrophobicity on the foam properties has been previously demonstrated by Townsend and Nakai (1983) .
Emulsifying Properties of Gelatin. The emulsion activity and stability of gelatin samples from different processes were evaluated by the mean droplet size (D [4, 3] ) of emulsions (Table 6) . A smaller emulsion droplet size and smaller change in the droplet size (ΔD [4, 3] ) during storage indicate better emulsion activity and stability, respectively.
Emulsion Activity. No significant interaction of gelatin groups and different concentrations on the emulsion activity of gelatins was observed. With respect to the concentration effect, a significant improvement in the emulsion activity, as indicated by the reduction of D [4, 3] value, was noticed with the decrease in the gelatin concentration (from 3 to 0.5%). This might be due to the fact that the diffusion and adsorption of protein at the oil-water interface is favorable at lower protein concentrations (Cheftel et al., 1985) .
Regarding the gelatin group's effect, the average droplet size of emulsions prepared with MSTMS1 and MSTMS2 were smaller (P < 0.05) than that prepared with CB. This was probably due to differences in molecular weight distributions (Figure 2 ) and hydrophobic amino acid contents (Table 4 ). The smaller size peptide chains present in gelatins extracted from MSTMS2 may have enhanced the emulsion capacity by facilitating the diffusion at the surface of oil droplets (Surh et al., 2006) . In addition, the significantly larger amounts of hydrophobic amino acid residues in MSTMS2 may have improved the emulsion activity by lowering the interfacial tension through binding to the oil fraction at the oil-water interface (Kato and Nakai, 1980) Emulsion Stability. The stability of emulsions was evaluated by the ΔD [4, 3] after 1 wk of storage (Table  6 ). The interaction effect of gelatin groups and concentrations on the emulsion stability of gelatins was signifi- Table 6 . Emulsifying properties of gelatins extracted from mechanically separated turkey meat (MSTM) and collagen biomass 1 cant. Contrary to emulsion activity, increasing gelatin concentration resulted in better emulsion stability for these 3 gelatin groups. Higher protein concentrations lead to higher viscosities of dispersions and subsequently reduced the coalescence rate and improve the emulsion stability (Sajjadi, 2007) .
Gelatin groups strongly affected (P < 0.05) the emulsion stability. No significant differences were observed among the emulsion stabilities of all gelatins at protein concentrations of 1, 2, or 3% (wt/vol). However, at 0.5% gelatin concentration, CB showed the smallest ΔD [4, 3] value (4.72) compared with MSTMS1 and MSTMS2 (8.27 and 6.19, respectively) , indicating better emulsion stability.
Conclusions
Gelatins were extracted from MSTM following 2 different methods. One was a traditional 2-stage batch thermal extraction and the other was a new process based on recovering gelatin from a collagen biomass obtained through the pH-shifting technology. Both processes significantly affected the properties and quality of the final products. Gelatin prepared by the newly developed process had better rheological and textural characteristics but darker color compared with those produced through the traditional thermal way. Results from the current study showed that high-quality gelatin can be extracted from MSTM using an alternative process to the traditional thermal extraction method. Despite the darker color of gelatin, the newly developed process seems to be industrially more advantageous compared with the traditional process in terms of recovery of valuable meat proteins (protein isolate and collagen biomass), as well as time saving and in the reduction of water and chemical reagent consumption.
